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confronting increasing difficulty in allotting educitional resources
to meet present and future levels of demand. The paralysis chat has
been unfolding is ore charac-erized basically by education's rising
claim on public sector resources against a backdrop of widespread
poor economic growth, mounting international debt, and rapidly
growing populations whose demand for education cannot be met readily
by traditional means. This paper seeks to explore the options
available to respond to Africa's growing educational demand, how the
options can be managed, and what role the options can play in
promoting accelerated economic growth and development. Three basic

_policy -~ptions for education are proposead: (1) maintaining eXisting

programs and institutions and allocating relatively static levels of
educational resources; (2) increasing the allocation of resources to
education based on an exXpansion of existing institutions and
programs; and (3) structurcl reform. These basic educational policy
options are examined by first looking at Africa's institutional
experience, and then through the use of an educational forecasting
nodel. Numerous figures and tables of statistical, economic and
educatinnal data appear throughout this report. An extensive
bibliography also is included. (DB)
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Economic Choices for Educational Policy in Africa

Introduction

In meny countries in Africa today, formal education is in a state of crisis. While curricular reform
continues to serve as an ongoing source of public policy debate, African leaders are confronting increassing
difficulty in sllocating educational resources to maet present snd future levels of demenvi. The peralysis
that has been unfolding is one characterized basically by education’s rising claim on public sector rescurces
against a backdrop of widespread poor eccnomic growth, mounting international debt, and rapidly growing
populations whose demand for education can not be met readily by traditional means. What options .re
sveilable to respond to Africa’s growing educational demand, how can they be mensged, and what role can these
optios play in promoting accelurated economic growth and development?

African countries today face three basic policy options for education. One is to meintain existing
institutions and programs ard allocate relatively static levels of educational resources to an ever-growing
population. In time, this will most certainly reduce the effectiveness of the education received. It is a
base case status quo option that few educational policymekers would willingly prefer, but one against which
other options should be exemined.

Another alternative is to increase the allocation of resources to educstion based on an expansion of
existing institutions end programs, thereby preserving at (east some of the quality of education received to
groming populations. To do so reguires either an improvement in the externsl economic envirorment which could
expand the sducational resource bese, or a trsde-off between the allocation of educational resources and other
competing claims to those resources. While ther2 sre numerous ways in which the external resource environment
could be improved, in the near term, such relief is not likely to take place in the absence of zome form of
domestic policy reforms, which brings“us to the third option, namely, structursl reform.

Structural reform in education is designed to improve the efficiency of services provided, snd thus enable
policymekers to respond to growing population demend even with a relatively limited educational resource base.
Improving the efficiency of the allocation of resources to education implies several types of initistives.
Among them are curricular reform, improvements in the oatity of educational inputs, decentralization of
monagement, and 8 shifting of some of the finencing burden away from the public to the private sector through
programs of cost recovery.

While none of these choices is easy to implement, unless some steps sre undertaken, many countries in
Africa will simply exparienca serious ceclines in the quality of education, thereby undermining prospects for
cJstainable economic development. In the sections that follow, Africa’s basic educational options are
exsmined from an economic perspective. The spproach presented here is to look first at Africa’s institutional
experience, then through use of an educational forecasting model, to consider the various aiternatives that
have been proposed. What these alternatives imply in comparison to existing policy can then be more clearly
understood.

191



ERIC

Aruitoxt provided by Eic:

Educational Achievement in Africe

In the nearly three decades since most African countries attained political independence from the major
European colonial powers, ecucation has been seen as playing 8 central role in promoting the social and
economic development of the region. As the political transformetion of Africa took place at the beginmning of
the 1960's, leaders of newly independent goverrments viewed colonial educationsl policies of the past as
biased against economic development, especially given the relatively low levels of educational enrollments in
most African countries at the time, and the relatively small numbers of secondary and higher education
graduates that were being produced.

Expanding educational enroliments was seen as & logical instrument to overcome historically low levels of
fnvestment in education, as &« means of providing a more productive labor force to compete in the world
economy, and as 8 means of providing the necessary social and political leadership to assist in the building
of modern societies. These goals, and the resources marshalled to meet them, were spelled out in periodic
national and regional policy statements, through nationsl development plans, and through awnual budgetary
decisions.  What they shared in common was a goal of expanding the percentage of school-sge children enrolled
in schools, in expanding the production of secondary and higher education graduates, and in improving the
level of educstional qualifications of the active population.

Given Africa’'s historical legacy, most of the region’s educational systems have been modeled largely on
their Europesn counterparts. Although African educational institutions have been modified partisily to
respotnd to local conditions, by and Large, formal educational programs reflect the besic primary, secondary,
and higher education structures and standards found in European countries. In practice, this has meant thst
for most African countries, educational policy and the allocation of resources to education has taken place
essentially through the public sector rath than through the private sector, at the national level rather
than 8t the local level, and frequently through the coordination of educational policy targets with national
development planning of one form or another.

A standard operating assumption in many Africen countries has been that the setting of national
educational policy reflects populsr demand. Educstional policymakers have thus viewed their role as seeking
ways of meeting this social demend while matching the allocation of resources with the demand for educated
«abor in  the economy in ways that are consistent with broadly based standards of social justice and economic
efficiency. Since the reality of educational policy in Africa has been often far different from this stylized
role, choosing efficient snd equitable alternative policy options has not been s simple task.

By both historical snd comparative standards, Africen countries have made remarkable progress in achieving
the educational goals they have set for themselves. There are seversl ways of measuring this progress, but we
will concentrate on two, namely, educationsl enroliment ratios, and on the level of education of the non-
school population. Both measures show that almost without exception, Africen countries have made substantial
g8ins since the early 1960's.

Educational enroliment ratios, or the percentage of the school-age population that is enro!led in school,
has been one of the most spplied standards of educational performence in Africa and in develoding countries
elseshere. Based on data reported in Table A.3 or Appendix A, between 1960 and 1984, the mean enroliment
ratio of primery school-age children in 44 Africen countries rose from just over 40 percent to almost 80
percent. The mesn enrollment ratio for the secondary school-age population in these same countries rose over
the same period from 4 percent to over 21 percent, while the higher education enroliment ratio increased from
1.8 percent to jus: under 3 percent.

Given Africa’s relatively high rates of population growth during this same period, these rates of
expsnsion of enrollment ratios compare favorably with the historical experience of OECD, or Organisation of
Economic Cooperation and Development, developed countries. Put somewhat differently, African countries




eccomplished compersble rates of expansion of educational enroliment ratios in a shorter time period than the
historical experience of OECD countries when those countries had similar levels of educationsl eiroliment
ratios.

What mskes Africa’s record of educational enroliment expension even more remarksble is the difference in
its level of economic development in comperison to OECD countries. Although OECD countries had as of 1985
primery, secondsry, snd higher eduction enrollment ratios of 10C, 90, and 31 percent, reapectively, these
ratios were reached over a longer time period, and with a retatively higher level of income then countries in
Africa. While OECD countries comprised a population of over 740 million in 1986 in comperison to Africa’s 537
million in 1986, OECD countries produced an aggregate Gross National Product of over $9.6 trillion dolliars in
compar ison to Africe’s $5689 billion. In per capits terms, OECD per capita GNP stood at almost $13,000 in
comparison to Africa’s per capita GNP of $590, a ratio of over twenty to one. These compsrisons are besed on
data listed in Tebles A.1 end A.2.

Figure 1

Composition of Formal Education Enroliments
Sample of 46 African Countries
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Another wey of meesuring Africe’s educationsl achievement is in terms of the level of schooling atteined
by various age groups in @ given country. One benchmark is the percentage of each age-grouping of 8 country’s
populetion that hes echfeved some primery schooling. As s shown in Teble A.3, among tome 18 Africen
countries for uhich census deta are available, while Less than ten percent of the population age 60 and asbove
had received some Level of primery schooling, almost 30 percent of the populetion between ages 15 and 19 had
done so. Such incresses in educational achievement across generations ettests to the impact of rapidly
expending enFollment retics among thers countries.

Two patterns in Africa’s educational enrollment experience are also worth noting. One is the change in
the composition of enroliments over time. Figure 1 summsrizes the shifting composition of educstionat
enroliments among 46 African countries betreen 1975 and 1985. As totel enrollments expanded during the decade
from just under 50 million to over 90 million, the proportion of students enrolled et the primary {evel

decrestod from 85 to 80 percent, while the proportion of students enrolled in secondary and higher education
incressed from 14 to 19 percent and from 0.9 to 1.2 percent, respectively.

Figure 2

Base Year Primary Education and Its Expansion

Relative Change between 1960 and 1986 5
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21 21 = Total Entries

21.59524 4.107619 = Mean
16.37545 4.200633 = St. Dev. Sample
- 15.98081 4.099203 = St. Dev. Population

Y = A+ B*X 95 X confidence Limits

10.59797 = A (Intercept) + - 2.204931

-.25979 = B (Slope) + - 135655
463186 = R"2
680576 =R

22.07998 = residual variance
4,69893 = s
2. 114204 (t.025)

Another trend in Africa’s educational record has been ; tendency for inter-country differences in the
composition of enroliments by level of schooling to diminish over time. As Africa’s educational enroliments
have expanded, countries that began with relatively low historical levels of primery education expanded their
enrcliment ratios faster than those that were at a higher relative (evel of enrollment. As shown in Figure 2,
based on 8 21 country sample, for each percentage point lower of its 1960 population age 15-19 with primary
educstion, 8 country vended to expand its primary educational enrollments by sn annual rate of one-quarter of
8 percent more than for the group as a whole.

Education and Economic Growth

The willingness of African leaders to invest in education has been based on knowledge of education’s role
in the process of socisl and educational development. There is abundant evidence that education is a sound
investment, whether undertsken in Africa or elsewhere. While there are meny ways to assess the contribution
of education to economic growth, two relatively simple ones at the macroeconomic level asre the relationship
between enroliment ratios and the level of GNP per capits, and the relationship between per student
educational expenditures end per capita. At the microeconomic level, estimates of private and social rates of
return to investment in education provide additional evidence of the economic productivity of education.
References to these studies are listed in Appendix C.

Figures 3 and & fllustrate education’s macroeconomic role. In Figure 3, based on a 1985-1986 sample of 30
Africon and OECD countries, a simple linear regression shows that each one unit increase in the primary
enroliment ratio contributes spproximately $21 dollars of additional GNP. Comparsble results hold for
secondary and higher education. Similarly, using 1985 data for African countries, a one unit increase in per
capita expenditure on education resulted in an over $3.00 increase in per capita GNP, as is shown in Figure 4.
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Figure 3

Primary Enroliment Ratio and Per Capita GNP

Sample of 36 African Countries

0O DATA

X Regression

73.08571 889.428
32.02698 1548.7%5
31.56614 1526.469

Total Entries

Mear
St. Dev. Sample
St. Dev. Population

Y sA+@*

-64%.145

20.9%6
. 1885287
43419089

20034110
1516.125
2.045410

95 X confidence limits

= A (Intercept) + - 5494.523
= § (Slope) + - 15.518
= R*2

=R

= residual varisnce
=g
= (t.025)

wop e ey o e



%i’:&‘:"# crmpe T aE ke roos SE 7o ran - R - * - - .- . R e e R P o I a3 - - A gsan s et L Ae}%{h%if%
5 -7 ;;
. , =
Figure & s
Education and Economic Growth in Africa
Public Expenditures on Education and GNP, 1985 §
4000+ O DATA ;
o X Regression
- Q '2:
g :
3000 :
- g
a o
]
O K}
& 2000 £
a ?
%
. m _‘z
- :
(s 1000 -
> o ;
» =
0 -M 1 ’ ii
o §
Per Student Public Expenditures on Education, 1985
X Y ‘
35 35 = Total Entries 2
177.631 607.4286 = Meen
125.510 700.4803 = St. Dev. Sample
123.706 690.4009 = St. Dev. Population
Y = A+ B°X 95 X confidence Limits
. -11.783800 = A (Intercept) ¢+ - 572.1767
3.405%S = B (Slope) ¢ - 1.5526
390129 = R*2
. 626603 =R
308314.6 = residusl variance
555.3 =g
2.046410 = (t.025)




ERIC

Aruitoxt provided by Eic:

While education contributes to higher levels of per capita income, it is far from the only factor. Yet,
even if one examines the relative importance of education, there are wide variations in the contribution of
sducation to sconcmic growth among individial African countries. Wheh one takes into account other factors,
not all African countries are equally efficient in the production of education, nor do all types of education
contribute equally to improvements in the level of income. For many countries in Africs, commitments to
expanded educational opportunity made during the uarly 1960’s were all too often embracod without careful
consideration of the cost of education, of how efficiently or inefficiently educated graduates were being
produced, and whether the system was operating in ways that we-e consistent with social justice. The result
has been than for meny African countries, the traditional ways of supporting educational expansion are no
longer adequate.

Despite the Europesn legacy to African education, there are some important differcnces that have svolved
with regard to how education is financed, and how efficiently it has been produced. Consider, for exsmple,
the share of GNP that is devoted to education. Despite substantial progress, African countries as a whole
still tend to spend a smeller share of their Gross National Product on education than do OECD countries. As
is shown in Tables A.5 and A.7, batwesn 1975 and 1985, the share of GNP devoted to education smong 41 African
countries averaged under 5 percent, while for the 21 countries of OECD, education’s share of GNP representec
almost 6 percent, The reason for this disparity can be traced directly to differences in how education is
financed.

For most African countries, education at all levels has been provided largely st only nominal direct cost
to students. Goverrments have assumed most of the educationsl financing burden, relying on taxation and
internationsl assistance to meet specific educationsl goals. Morecever, public sducation institutions have
accounted for a higher share of educational enroliments at all levels than among OECD countries, slthough
these differences are less pronounced when comparisons are made between Europesn and African countries.

African countries have also regularly apportioned s higher percentage of public expenditures to education
than have OECD countries (see Tables A.6 and A.B). Given Africa’s relatively poor economic growth during the
last decade, ag public sector budget deficits have grown, and international debt has mushroomed, the scope for
traditional public suppert of educstion has diminished considerably. It is precisely the relatively -wesk
level of fiscal perfurmence in African countries coupled with relatively poor economic growth that has given
rise to pressures for reform of the public sector in general.

Alternative Educationsl Policies

A useful way of Looking at Africa’s educational oolicy alternatives is in terms of a basic forecasting
model . At the core is an educationsl production function relating inputs and outputs based on Linear
relationships. Empirical evidence suggests that for any educational cycle, repeater, promotion, dropout, and
graduation rates are relatively stable over time. This permits one to construct an educational flows matrix
that can be used to generate forecasts of enroliments by grade, snd to predict the number of graduates and
dropouts over time. In turn, if educational inputs are relatively constant, then one can also determine the
require number of teachers by Level of qualification, the required number of classrooms and laboratories, as
well 78 the required level of meterial and administrative inputs to sustsin @ given Level of enroliments.
1f input prices are also kncwn, then one has a basis for projecting the budgetary cost of any given enrol iment
target, as well as to evaluste fundamental policy alternatives using established economic investmer. criteria.

To illustrate how such a model can be used, let us consider a hypothetical educational cycle of three
years’ duration. An educational flows matrix, A, contains repeater rates along the principal disgonal, with
promotion rates along the first inferior diagonal. Post-multiplying the flows metrix by 8 column vector of
student enrollments, S , generates the level of enroliments by grade within the cycle for the neat acacemic

year, or time period, 81. By adding & row vector for the graduation rate, G, one c7n also predict the number
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of gradustes, and by adding a row vector for the dropout rate, 0, one cen also predict the number of dropouts
from all three grades of the cycle from one year to the next. Recursively post-multiplying esch year’s column
vector of student enrolluents by the educational flows matrix generates outputs for the forecasting horizon.
Since students either repaat, dropout, or are promoted, the altocation coefficients of each column of the
sugmented student flows mytrix sum to unity.

Table 1

DISAGGREGATED EDUCATIONAL FORECASTING NODEL
Pedagogical Efficiency Profile

Predicted Educational Outputs:
System: BSase Case Year:

Educational Flow Matrix: 1 ] 3 4 ] 6 7 8
E-1 E-2 E-3

.00 100 E-1 = 0 0 0 0 0 0 0

.80 .10 0 E-2 80 8 1 0 0 0 0

T8 10 O0E-3 = 0 60 12 2 0 0 0

.50 Graduates = 0 0 30 [ 1 0 0

.20 .15 .40 Oropcuts = 20 12 25 H] 1 0 0

Yearly Enroliment: 100 80 68 13 2 0 0 0

A. Educational Flows Matrix Accounting Identities:

1. Pupii-Places: 263.00 = Number of Pupil-Places p-dvided for
through -put of total student cohort.
(cumulative yearly enrollments)

2. Graduate Pupil-Places: 200.00 = Number of Pupil-Places provided for
sll students who eventually graduate
from original cohort.

(cumulative yearly enrol lments minus
cumulative dropouts)

3. Gracuates: 37.06 = Nuwber of students from originsl
cohort who eventually graduate.

&, Average Graduation Yesrs: 3.22 = Weighted averasge mmber of years tn
produce » graduate.

8. pedagogical Efficiency:
1. Gross: 37.04 Percent = Graduates divided by initial student cohort
2. Graduate: 18.52 Percent = Ratio of cohort graduates to number of
graduste-producing pupil-places.
(pupi | -placet minue cumulative dropouts)

3. Net: 14.08 Percent = Groduates di-'ided by the number
of totsl pupil-places.

13
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Table 1 provides a simplified numerical example of a three-year system. For the first year, the repester
rate is zero, the promotion rate is 80 percent, and the dropout rate is 20 percent. Now if we take an initial
cchort of 100 students, the recursiva matrix products generate all flows through the system until no mor?
students are enrolled.

Generating student cohort flows permits one to derive student .lows accounting measures which are used to
determine the technical, or pedagogical, efficiency of the education system. To measure pedagogical
efficiency, several indices are used. First, one needs to calculate the total number of pupil-places provided
for all students of the cohort tc pass through the system. Second, one needs to calculate the rwmber of
pupil-places provided for students who eventually graduste. This is the total rwmber of pupil-places minus
the cumulative number of dropouts. Third, one calculates the .number of students who eventually graduate, and
finally, one calculates the weighted average mumber of years it takes to procuce a graduate.

Pedagogical efficiency of the system can be derived from student flows sccounting. The simplest measure
is the percentage of an original cohort that eventuslly gradustes from the system, or the gross pedagogical
efficiency. Although this is & commonly used yardstick, it does not take into sccount the length of tim= that
it takes to produce a graduste nor the number of places required to do s0. It is dowward bissed as a tost
for evaluating educational costs.

A more precise alternative is to define pedagogical efficiency as the ratio of gradustes to the rumber of
graduate-producing pupil-places, which is referred to here as graduate pedi gogical efficiency. This is a much
smaller ratio than gross pedsangical efficiency, but it takes into sccount the number of pupil-places needed
to product: 8 graduate from the system over time.

Although one could also include those pupil-places for students uho drop out of the system to derive a
measure of net pedagogical efficiency, if policymskers are interested in evaluating the cost of producing a
graduste from an educational cycle, it is more appropriate to include only the number of places that
eventually produce graduates from the system. For our present "urposes, graduate pedagogical efficiency will
sierefore be used in evaluating alternative educational policy choices.

How would the three measures of efficiency compare under an idesl educstional cycle? Under an ideal
system, there would be a 100 percent promotion and gradustion rate, in which case the repeater and dropout
rates fall tc 2zero. Gross pedagogical efficiency would then be 100 percent. However, graduate and net
pedagogical efficiency would only be 33 percent since it would still take three years to produce a gradate.
One could derive compensated graduste and net pedagogical efficiency measures by multiplying eoch efficiency
ratio by the theoretical mmber of years needed to complete the cycle, in which case all three measures would
then be equivalent at 100 percent. Bectuse we are interested in assessing the impact of educational reform on
enrollments, educatioral budgets, and on the economic efficiency of investment in education, it is the
uncompensated messures that are more useful for policy purposes. The advantage of the uncomoensated graduate
and net pedagogical efficiency ratios is that they can be more resdily used in deri1ving the unit graduation
cost, which in turn can be used to estimete the rate of return to investment in the educations! cycle.

Under an ideal education cycle, the cost of producing a graduate is the annual enroliment cost multiplied
by the theoreticsl rumber of years. In other cases, such as the systzm portrayed in Table I, one must
multiply the snnusl enrollmedit cost by s cost adjustment factor to reflect the pedagogical inefficiency of the
system. Using the framework of Table 1, the total graduste cost adjustment factor is defined as the ratio of
graduste pupil-places to the number of graduates, which in this case is equal to 200 divided 37.04, or 5.4.
Next, by dividing the graduate cost adjustment factor by the average number of years needed to produce a
graduste, which in this cese is 5.4 divided by 3.22, one has an estimete of the annusl graduste unit cost
adjustment factor, or 1.48.

Multiplying each yesr, or fraction thereof, that a student is enrolled on the average to graduate by the
avnual graduate unit cost adjustment factor yields the annualized graduate unit cost adjustment factor.

14
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Finally, multiplying the annuslized gracuate unit cost adjustment factor by the snnual enroliment u)ret Yyields
the annuslized graduste enrollment cost of the system. The onnualized graduste unit enroliment cost of the
system can then be used with an estimate of the benefit stream to evaluate the econc:is value of investment in
the particular educational cycle.

Table 2 shous the steps used in calculating the coat of producing s graduate from the system and how thase
costs are converted into an investment evaluation stream. The example used here is the base case of Table 1.
Table 2

DISAGGRECATED EDUCATIOMAL FORECASTING MODEL
Economic Eveluation Tablesu

System: Base Case

1. Graduate Pupil-Places: 200.00

2. Graduates: 37.04

3. Average Years to Graduate: 3.22

4. Total Graduate Cost Adjustient Fector: 5.40

5. Annusl Graduate Unit Cost Adj. Factor: 1.68

6. Annual Enrollment Cost: 1751.00
Year: 1 2 3 4 S 6 7 8
A. An.En.Cost: 1751 1751 751 1751 1TSS TS 17S1 TS
8. Ith Enroll.Yr. 1 1 1 22 0 0 0 0
C. An.Gr.U.C.A.Factor 1.68 1.68 1.68 1.68 0 0 0 0
0. An.Gr.E.C.Factor 1.68 1.68 1.68 .37 0 0 0 0
E. Annual Graduate En. Cost: 2942 2942 2942 648 0 0 o 0
F. Annual benefits 0 0 0 1200 2000 5200 6300 7000

G. Undisc. Net Benefits: -2942 -2042 -2942 552 2000 5200 6300 7000
H. Investment Criteria:

1. Internal/Social Rate of Return: 20 Percent

2. Net Present Value: 0

3. Senefit-Cost Ratio: 1

Traditionally, evaluating the cost of producing a graduate from a aystes has been based on multiplying the
snnual enrol lment cost by *he average rumber of years required to produce a graduate. In the preceding case
it would be calculated as the product of 1751 times 3.22, or $5638. Yet because dropouts have also been
produced, the cost of a gracuate cxceeds $5638. One naeds to adjusc upward the cost of producing a graduate
beyond the average time it takes for s student to graduate. In our present example, instead of $3638 per
gradusting student, the adjusted graduate cost is the sum of the snnualized adjusted unit enrallment costs in
row E, or $9474.

From the adjucted estimate of snnual graduating student unit costs, one can then proceed to evaluste the
private and social rate of return to investment in a given educational cycle. Row F of Table 2 provides a
hypothetical incremental benefits stresm from investment in the given educational cycle. Depending on whether
one has estimated only the private costs benefits or the socisl costs and benefits, one can then derive the
internel or social rate of return to investment in the educationsl cycle, which in turn can be uged to derive
the Net Present Value and corresponding Senefit-Cost ratio.

Thus far we have only shown how an educational flows matrix cen be used to measure the pedegogical
efficiency of a cystem. We have done so by Limiting intake to an initial year and tracing the flows of
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students through thy system. Nowever, the student flows model can also be used to predict enrollments based ]
R or: new student intake each year. 3

. N ~ N - = -

A simple wey of converting the student flows matrix into s forecasting model is to convert the a" cell 3
into a compound growth sxpression, which csn then serve as sn instruments! policy variasble, The compound -
growth expression embodies both the underlying repeater rate plus sn expsnsion rate of first-year enroliments

from one year to the next.

Table 3 -t

DISAGGREGATED EDUCATIONAL FORECASTING MODEL E4
Steedy-State Enrollment Pattern f
)
Predicted Educational Outputs: 2
System: Base Case  Year: i
Educational Flow Matrix: 1 2 3 4 ] 6 7 8 g
E-1 €-2 E-3 é
1.00 250 E-1 = 250 250 250 25C 250 250 250
.80 .10 100 -2 = 210 221 222 222 222 222 22 i
.75 10| 75 €3 = 83 166 182 185 185 185 185 :

.50 Graduates = 3 41 8 91 92 93 o3

.20 .15 .40 Dropouts = 95 115 149 156 157 157 157

Yearly Enrollment: 425 $43 637 654 657 657 657 657

e b o K B

In Table 3, the first grade expsnsion rate has been get at zero, and with enrollments initially of 250, h
100, and 75 students in each grade, eventually a staady-state enroliment profile emerges from the recursive

matrix products. Obviously, the more slongated the production cycle, the longer it takes for a stesdy-state
- pattern to emerge from a zero expansion rate.

Since cell a__ is now a compound growth rate expression, switching from the steady-state enrollment system
to an expending system is relatively simple. Given that educationsl policymekers base meny of their
enrollment targets on terminal pericd enrollment ratios, if we know the initisl stock of the educsble cohort
population and if we know at what rate the educsble cohort population is expending, we can iteratively choose
alternative first-grade expsnsion rates to achieve a desired terminal period enrollment ratic. For example,
if the initial educable cohort population is 2000, our initial three-yesr cycle enrollment ratio is 543/2000,
or 21 percent. 1f the educable cohort population is expending by 2.5 percent s year, in order to achieve a 50
percant enrollment ratio by yesr 8, we will have to expsnd first-grade enroliments by 10 percent a yesr. A
comporison of enrollments and enrollment ratios under alternative first-grade expansion rates based on our
hypothetical educable cohort population is summarized in Teble 4.

While targeting planning horizon enrollment ratios has functioned as a traditional tool of educational
policy in meny African countries, it is inedequate as a guide to the efficient allocation of investment
resources and in meny cases it is also at odde with prevailing stendards of socisl justice. What is needed is
to Link tht enrollment ratio targeting framework to the economic envirorment. To do so, one must Llink

pedagogical productivity to the economic costs and benefits of producing educated gracuates from a given
educationol system.

no bt s
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Table 4
Anvumlized Enrollment Ratio Projections

Year:
- 1 2 3 4 H 6 7 8
System: Base Case
Educable Cohort
(expansion = 2,5%) 2000 2050 2101 2154 2208 2263 2319 2317

Total Enroliment at:

a. O Percent 425 543 637 654 657 657 657 657
b. S Percent 425 555 672 723 761 800 840 882
¢. 10 Percent 425 568 709 796 878 966 1063 1169

Enroliment ratios at:

a. O Percent 21 .26 .30 .30 .29 .28 .28 27
b. S Percent 21 .27 .32 .34 35 .36 .37 .38
¢. 10 Percent .21 .28 34 37 .40 .43 46 A¢

A simple way of linking pedagogical productivity to the economic corssquexes of education is to
calculate the costs of producing s graduate from a given education cycle in comparison to the projected stream
of benefits, as has been outlined in Table 2. In terms of costs, if input requirements per student are
relatively constant, one can then construct column vectors of teacher, administrative, meterisl, classroom,
and lsboratory irput coefficients which can then be recursively post-multiplied by the unit value of total
predicted enroliments for esch year. In turn, if the unit cost of each of these varisbles is known and given,
one can then project the required budgetary level necessary to sustain a given level of projected enroliments
by multiplying the vector of unit costs times the vector of required inputs.

Table 5 illustrates how the disaggregsted forecasting model can be used to link earoliment ratio targets
to hudgetary projections. If budgetary constraints are known, one has sn initial basis from which to assess
the financial feasibility of achieving a given terminal year enroliment ratio tsrget. The hypotheticsl input
coefficients and input prices in Teble 5 are designed to show on the basis of 8 5 percent first-year growth
rate of enrollments what the required totsl budgetsry exponditure will be to sustain enroliments for each of
the projected 8 years. In this perticular case, input coefficients and input prices are sssumed initially to
be invariant with respect to time and the level of enroliments, although the system could also be modified to
account for changes in input coefficients and input prices over time as a function of the particulsr rate of
expansion.,

Given the underlying pedagogicsl efficiency of the student flows matrix, the educationsl cycle will
generate for differing rates of first-grade expansion variable proportions of graduates end dropouts for each
and every time period. Thus, not only can policymakers identify the budgetsry consequences of a given rate of
expansion, they can also utilize the enrollment and budgetary projections to estimste the flow of graduates
and dropouts to the labor merket, snd “o0 assess the impact of these flows on estimeted economic returns.
while it is not illustrated here, linking the p.oduction of educated outputs to the labor merket also requires
that one join all education systems within a given hierarchy so that net educated output projections are besed
only on norecontinuing student flous. Specification of multi-level educational forecasting also enables
policymakers to derive the aggregste budgetary consequences of differential rates of expansion among
alternative levels of the economy’s education system.
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Table 5

DISAGEREEATED EDUCATIONAL FORECASTING MODEL
S Percent First Yesr Srowth Rate

- Predicted Educational Outputs and Inputs:
System: Base Case Year:

(g ] i ¢

Educational Flow Matrix 1 2 3 4 s 6 1 8
E-1 E-2 E-3 o]
1.05 50E-1= 263 276 289 306 319 335 352 ;
.80 .10 100 E-2= 210 231 246 256 269 282 296
.75 0] 75E-3s &3 166 190 202 212 223 2% .
.50 Graduates = 38 41 83 95 101 106 111
.20 A5 40 Dropouts = 95 117 156 170 180 189 198 &
Yearly Enroliment: 425 SSS 672 723 761 800 840 882 o
3
EDUCABLE CONORT PROJECTION: ‘;;
Base Year Cohorc: 2000 3
Ed. Cohort Growth Rate:  2.5% 2
Projected Ed. Cohort: 2050 2101 2156 2208 2263 2319 2377
Enrol ment Ratio: .21 27 32 3% .36 .35 .36 .3 :
;
REQUIRED EDUCATIONAL INPUTS: i
Teacher -0 Requirad 3
Coefficients: Teachers: S
P-A  .006185 Prof. 2,63 3.43 4,16 447 471 4.95 S5.19 S.45 ;»E
P-8 005739 Assoc.Pr. 246 3.19 3,86 4.15 4.37 4.59 4.82 5.06 3
P-C  .010237 Asst.Prof 4.35 5.68 6.88 7.40 7.79 8.19 8.60 9.03
P-D  .015028 Instruct. 6.39  8.34 10.10 10.86 11.44 12.02 12.62 13.25 o
Total Teschers: 15.81  20.64 25.00 26.88 28.32 29.75 31.23 32.80 <
Student/Teacher Ratio: 26.89  26.89 26.89 26.89 26.89 26.89 26.89 26.89
Administrative [-0 Required B
Coefficients: Personnel : <
A-1 006 Central 2.55  3.33 4.03 4.34 4.57 4.80 5.04 5.29 A
A-2 .002 Technical 85 111 136 145 1.52 1.60 1.68 1.76 :
A-3 .004S Clerical 1.91 2,50 3.03 3.25 3.43 3.60 3.78 3.97 :
A4 .0012 Mainten. .51 67 81 87 .91 .9 1.01 1.06 ¢
Total Adwinistration: 5.82  7.60 9.21 9.90 10.43 10.96 11.51 12.08 :
Student/Admin. Ratio: 72,55 T2.99 72.99 T2.99 72.99 72.99 72.99 72.9%9
Materiel 1-0 Required
Cosfficients: Materiel: ) :
M-1 Equipment 00025 KT Je A7 8 a9 20 L2122 b
M-2 Supplies 00017 07 09 M 2 13 WV 6 LIS :
M-3 Repeirs .00004 .02 .02 .03 .03 .03 .03 .03 .04 R
Classroom
Spece Coefficients: !
Lect.Classes: 037189 15.81  20.64 25.00 26.88 28.32 29.75 31.23 32.80
Laboratories: .0037189 1.58  2.06 2.50 2.69 2.83 2.97 3.12 3.28
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FINANCIAL PROJECTIONS:
Teacher Inputs: SDollars:

P-A 38000
P8 34000
P-C 29000

PD 23000

Totals:

Administrative Inputs: $SDollars

A-1 40000
A-2 28000
A-3 21000
A-4 15000

Total Administration:

Materiel Expenditures: $Dollars

N-1 35000
N-2 30000
N-3 70000

Totasl Materiel:

Classroom Variables:

1.0e3
8.3e4
1.3¢5
1.5¢5
$ 4.6e5

1.0e5

40163
7650
1.7¢5

3719.
2168,
1190
$ 7.1e3

$ 7.0e

Interest Rate: 10 Percent
Maturity: 25 Years
Capital Cost:
Per Student

Place: 1500 dollers
Total Cost: 40335 Dollars per Class
Unit PMT: 4444 Dollars per Class
Total Unit Dollars:

Payment:

Laboratory Variables:

Interest Rate: 10 Percent
Maturity 25 Years
Cepital Cost:
Per Student

Place: 8000 Dollars
Totsl Cost: 215817 Dollars per Labaratory
Unit PUT: 23699 Dollars per Laf oratory
Total Unit Dollars:

Payment: $ 37457

Projected Budget Totals:
Teachers
Administration
Materiel
Capital Classes

Capital Laboratories

Total:

4.605
1.7e5
7.1e3
7.004
3.7e4

« 15 -

1.3¢5 1.605 1.7¢5 1.85
1.105 1.365 1.405 1.5¢5
1.605 2.065 2.165 2.3e5
1.9¢5 2.3¢5 2.5¢5 2.6¢5
6.0e5 7.205 7.8¢5 8.2¢5

1.3¢5 1.605 1.7¢5 1.85
3.106 3.804 4.004 4.3¢4
5.206 6.406 6.8¢4 7.2¢4
1.004 1.2¢6 1,304 1.404
2.3¢5 2.7¢5 3.0e5 3.1¢5

4856 5883 6325 6663
2831 3429 3686 3883
1556 1883 2024 2132
9.2e3 1.1e6 1.2¢6 1.3e6

9.2e6 1.105 1.2¢5 1.3¢5

48915 59259 63706 67109

6.0e5 7.2¢5 7.805 8.2¢5
2.3¢5 2.7¢5 3.0¢5 3.1¢3
9.2¢3 1.106 1.2¢6 1.304
9.2¢4 1.1¢5 1.2¢5 1.3e5
4.904 5.9¢4 b.404 6.7e4

9.7e5 1.2¢6 1.3¢6 1.3e6

1.9¢5 2.0e5 2.1¢5
1.685 1.665 1.7¢5
2.405 2.505 2.665
2.8¢5 2.945 3.0¢5
8.605 9.0¢5 9.5¢5

1.9¢5 2.0e5 2.1¢5
4506 4.7k 4.9
7.604 7.9¢4 8.304
1.404 1.5¢6 1.604
3.3e5 3.405 3.6e5

6999 7349 TT6
4079 4283 4498
2240 2352 2489
1.3e4 1.406 1.504

1.3e5 1.405 1.5¢5

70494 74022 77723

8.4e5 9.0e5 ¥.5¢5
3.365 3.405 3.6¢5
1.304 1.406 1.504
1.3¢5 1.405 1.5¢5
7.006 7.404 7.8¢4

1.406 1.5¢6 1.506

2 e

. | . o Sy e
s P a5 2] B ot Bt ﬂ««*.{.w:&%‘««'%& s Etay)

e
s E

T




Unit Costs:

Teachers 1.1¢3  1.1¢3 1.1¢3 1.1¢3 1.1¢3 1.1€3 1.1¢3 1.1¢3
Administration 408.5 408.5 408.5 408.5 408.5 408.5 408.5 408.5
Materiel 16.65 16.65 16.65 16.65 16.65 16.65 16.65 16.65
Capital Classes 165.3  165.3 165.3 165.3 165.3 165.3 165.3 165.3

- Capital Laboratories 88.13 88.13 88.13 88.13 83.13 88.13 83.13 83.13
Total: $ 1751, 1751, 1751, 1751, 1751, 1751. 1751, 1751.

The Status Quo Option

Msintaining the status quo means essentially preventing ecucationsl enrollment ratios from dec’ ining, even
though, for ressons slresdy discussed, the Level of available resources may be relatively fixed or declining.
The trade-off here is that in order to accomodate an expanding student population with s fixed budget requires
that per student inputs be reduced. Reducing the level of per student input is Likely to have adverse
consequences on padagogical efficiency, and thus on the underlying productivity of investment in education.

As an illustration, using the base case student flows model shown in Table 5, suppose policymekers wish to
achieve 8 50 percent enroliment ratio by yesr 8 but are constrained from spending more than twica the original
base-year budget. As things stand, expending first-grade enrollments by S percent a year will only achieve a
36 percent enroliment ratio by year 8. Even at this level, the projected budget total will be $1.5 million in
yesr 8, more then twice the base-yesr budget of $745,000. If first-grade ‘nrollments expend by ten percent
year, then the targeted enroliment ratio will be approximetely schieved, es is shown in Table &, but tha

projected budgetary expenditure will be $2.05 million, or almost three times the base-year budget.

In order to stay within the projected budget ceiling and still achieve the targeted enrolilment
policymakers will have to adopt one or more of the foli{owing choices: increase the student-teacher ratio,

incresse the student-classroom ratio, reduce material <snd administrative inputs per student,

combination of the above. Each of these steps will have some effect on lowered pedagogical productivity.

1

Table 6

DISAGGREGATED EDUCATIONAL FORECASTING MODEL
13 Percent First Yeer Growth Rate

Predicted Educational Outputs:

Year:
System: Budget Constraint Case
Educational Flow Matrix 1 2 3 4 ] [ 7 8
E-1 E-2 E-3
1.13 250 E-1 = 283 319 361 408 461 S20 S88
.55 .20 100 E-2 = 158 187 2°3 241 212 308

348

.60 .20 TSEI= 75 110 134 155 176 199 22

45 Graduates = 34 34 49 60 70 T 89

.30 .20 .35 Dropouts = 121 143 171 198 225 254 287

Yearly Enrollment: 425 515 616 708 803 909 1027 1160
Enroliment Ratio: 21 25 .29 33 .36 W40 ek 49

ratio,

OoF some




ezt

Q

ERIC

Aruitoxt provided by Eic:

- 17 -

Teble 6 illustrates s hypothetical outcome in which all per student inputs are reduced by 40 oercent,
input prices remain the same, but in which pedagogical productivity falls. While unit enroliment costs
decline from $1751 to $1323, graduste pedagogical productivity declines to “4.6 percent as only 27.3 of every
100 students will now gracuate from the system. While the projected budget totsl for yesr 8 stays within the
$1.5 million constraint, lower pedegogicel productivity results in students taking 3.68 years on the average
to graduate, and.given the same benefits stream illustrated in Table 2, the internal rate of return to
education would decline from its original level of 20 percent to 15 percent.

Other things equal, reducing per student educational inputs will lower pedagogical productivity, and thus
the private ard social return to investment in education. At some point, policymakers will have to assess
whether the residual underlying rate of return to eduction can justify the expenditure of resources,
perticularly if lowered educational productivity also resulss in a lower rate of economic growth for the
economy &s & whole, reflecting the fact that the return to investment in education has fallen below the rate
from alternative forms of investment. It ic for this reason that the status quo option is ultimstely not an
effective solution to the problem.

The Expanding Educational Resource Base Option

Given & choice between the status quo and an expanding base of educational resources, educational
policymekers would far and sway prefer an expanding base of edicational resources. Simulsting the effects of
this option is relatively simple as it involves no constraints on budgetary resources, nor does it create
pressures for structural reform within the education sector of the economy. However, because it shifts the
educational cost turden elsewhere in the sconomy, policymekers must justify education’s claim to those
resources,

In the present economic environment in Africs, unless per capits GNP is rising as population grows,
increasing the educational resource base will require a re-allocation of resources from other sectors of the
economy. One way of justifying an expsnsion of resources to education is that the share of Gross National
Product in African countries is still somewhat lower than the share smong OECD developed countries. However,
incressing the share of GNP devoted to educetion requires that the return to investment in education should
exceed the return to alternstive investments.

AS we have seen through the educational forecasting model, while policymakers may achieve target rates of
enrol iment ratios, the returns to investment in education may differ significantly. Unless the differential
return to education exceeds its opportunity cost, expanding the education share of GNP in African countries
could actuslly lower economic growth. It is for this resson that one needs to examine educational enroliment
policies in terms of their economic consequences rather than in terms of whether a particular enrolinent ratio
has been achieved within a particular time frame, or st a perticular cost. This is especially true in meny
African countries where 30 much of the cost of educstion has been borne through public sector spending, and
where goverrments have by and large faced mounting budgetary deficits that have resulted in substantial
increases in per cepita debt.

Structural Reform in Education

Of the three educationsl policy options described, structural reform is the most Llikely choice that
policymekers confront. While external economic conditions mey improve, the longer-term problem is how to
expand the level of education for growing populations in ways that contribute efficiently to the prospects

for economic growth and development.

To illustrate how structural reform can shape the range of choices for educationsl policymakers, let us
compare the base case system and the base case constrained case with two alternatives, Reform A and Reform B.

21
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In all of these cases, input prices have been kept constant, as have the underlying projected benefits from
educationsl outputs. Under Reform A, per student materiel and Lsboratory inputs are increased by 25 percent,
while all other per student inputs remein the same. Under Reform 8, while per student teacher inputs are kept
the same a8 in the beee case, per student administrative inputs are reduced by 30 percent, per student
mteriel inputs are increased by 25 percent, per student lsboratory fnputs are increased by 10 percent, and
per student classsroom inputs are reduced by 10 percent. Pedegogical efficiency profiles of thesc reforms are
sumarized in Tebles 7 and 8, respectively, and horizen year comparisons of these reforms to the base case and
constrained base case are shown in Table 9.

Table 7

DISAGGREGATED EDUCATIOMAL FORECASTING MODEL
Pedagogical Efficiency Profile

Predicted Educetional Outputs:
Year:
1 2 3 4 S 6 7 8
System: Reform A
Educational Flow Matrix:

E-1 E-2 E-3
.00 100 -1 = 0 ] ] 0 ] 0 ]
I .85 .05 0E-2 = as 4 0 0 ] 0 ]
.30 .05] 0E-3 = 0 48 7 1 ] 0 ]
.65 Graduates = ] 0 & 4 0 0 0
.15 .15 .30 Oropouts = 15 13 21 2 0 0 0
Yearly Snrollment: 100 85 T2 7 1 0 0 0

A. Educational Flows Matrix Accounting ldentities:

1. Pupil-places: 264.80 = Nuwer of Pupil-Places provided for
through-put of total student cohort.
(cumulative yearly enroliments)

2. Graduate Pupil-Places: 213.00 = Number of Pupil-Places provided for
all students who eventually graduate
from orfginal cohort.

(cumutative yesarly enroliments minue
cumulative dropouts)

3. Gracuates: 48.98 = Number of students from original
cohort who eventually graduaste.

4. Average Gradustion Years: 3.11 = Weighted average number of yesrs to
produce a8 graduate.

8. Pedagogical Efficiency:

-

. Gross: 48.98 percent = Graduates divided by initial student cohort

2. Graduate: 18.52 percent = Ratio of cohort gradustes to mumber of
graduate-producing pupil-places.
(pupil-places minus cumulative d~opouts)
3. Net: 18.49 Percent = Graduates divided by the musr of total
pupil-places.



Now consider another option, Reform B:
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Tl &

DISAGGREGATED EDUCATIONAL FOREZASTING WODEL
Pedagogical Zfficiency Profile

Predicted Educational Outputs: ;

Yesr:

1 2 3 4 s 6 1 8 ;

System: Reform B 1
Educationsl Flow Matrix: g
E-1 E-2 E-3 3
.00 100 E-5 = 6 o o0 o0 o0 0o o E
.50 .08 0OE:2 = 9% S o 0 0 o0 O #
.50 05| 0E-3 = o 8 8 1 0 O0 O =

.75 Graduates = o o0 6 6 0 o0 0 3

.10 .05 .00ropouts = 10 S5 16 2 o0 0 0 %
K3

Yearly Enrcl.ment: 100 %0 8 8 1 0 0 0 g
A

1.

2.

4.

_?;1
A. Educational Flows Matrix Accounting Identities: %
) N3
Pupil-Places: 284.50 = Number of Pupil-Places provided for
through-put cf total student cohort.
(cumilative yearly enroliments)
Graduate Pupil-Places: 251.50 = Number of Pupil-Places provided for

sll students who eventuslly graduate
from original cohort.
(cumulative yeoarly enroliments minus
cumulative dropouts)
Graduates: 67.31 = Nusber of students from original
cohort who eventually graduate.
Aversge Grzduation Years: 3.11 = Weighted average number of years to
produce a graduste.

8. Pedegogical Efficiency:

Gross: 67.31 pPercent = Graduetes divided by initial student cohort -

Graduate: 26.76 Percent = Ratio of cohort graduates to number of
graduate-producing pupil-places.
(pupil-places minus cumulative dropouts)

Net: 23.66 Percent = Graduates divided by the number
of total pupil-places.
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As con be seen in Tables 7 and 8, under both Reforms A and B, pedagogical productivity incresses beyond
the bese case. lNowever, as is shown in Table 9, in order to achieve a year 8 enrollment rato of 50 percent
requires that the annual budget rise to $2.1 million under RefoineA and to $2.0 under Reform 8.1. At this
point, policymskers can weigh the impsct of budgetary constraints under reform programs fn cemperison to the
base case scenario. With no chenge in per student inputs, Reform 8.3 permits one to stay within the $1.5
million yesr 8 budgetary constraint, but at a cost of lowering year 8’s enroliment ratio from .50 to .38. An
intermediate course of action would be to accept a somewhat higher total annual budgetary allocation such as
under Reform 8.2, in which case a somewhat higher enrollment ratio of.41 would be achieved in exchange for a
year 8 budgetary expenditure of $1.6 mil{ion.

Table 9

Altermative Outcomes in Forecast Worizon Yeer
Forecast Norizon Set at Yesr 8

Internal First Grade System Year 8 Year 8 Year 8 Gross Forecast
Rate of Expsnsion Total Graduates Oropouts Enrolilment Pedagogical Annual
Return Rate Enrol iment Ratio Efficiency Total Cost
System:
1. Base Case 20 H] 1169 m 198 .49 37.04 1500000.00
2. Base Case 15 13 1160 89 365 49 23.20 1500000.00
Constrained
3. Reform A 25 10 1182 178 202 .50 48.90 2100000.00
4. Reform B 31 9 1195 235 123 .50 67.31 2000000.00
Version B.1
S. Reform 8 3 H] 953 204 108 41 67.31 1600000.00
Version 8.2
6. Reform 8 3 4 900 196 98 .38 67.31 1500000.00
Version 8.3

Table 9 also illustrates how differing levels of pedegogical productivity alter the proportions of
graduate and dropout educated outputs. Yesr 8 gradustes and dropouts range from a low of 294 under Reform B.3
to s high of 454 under the Constrained Base Case. At the same tims, the proportion of gradustes to total
educated output in year 8 also varies substentially. The gracuste percentege of year 8’'s educated output
ranges from s low of 20 percent under the Constrained Base Case to a high of 67 percent unde:' Reform B.3.
Changes in the mix of graduste end dropout production of educsted outputs due to educational reform end/or
budgetary conetraints can have widely varying consequences on labor market equilibria. Under the constrained
base case, reducing the flow of graduate outputs to 89 from its Base Case of *11 would tend to raise the
earnings streem of gradustes, while the incresse in year 8 graduate outputs under Raform B.1 would tend to
lower the earnings stresm.

Choosing among slternative scenarios depends on policymekers’ objectives and constraints. Figure 5
portrays one way to characterize the policymeker’s choica frontier. 1f the goal is to meximize the horizon
year rate of raturn and enrollment ratio with no budgetary constraint, then clearly Reform 8.1 is the
preferred systum. If, on the other hana, policymekers are constrained by a budgetary ceiling, then the
choices move progressively sway from fleform B.1 toward Reform A or Reform B.2, depending onthe relative
importance assigned to the returis from investment i~ education and to the horizon year enrollment ratio.
while policymskers msy have criteris. other than economic efficiency, as long as there is sn opportunity cost
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in the allocation of educational resource., then enrollment ratio goals must be weighed sgeinst the underlying :
productivity of education. As we have seen, one way of doing 80 is to determine if the underlying %
productivity of investment in education axceeds its opportunity coet. N ..

Figure S

Alternative Qutcomes in Forecast Horizon Year
Forecast Horizon Set at Year 8
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Options for Structural Reform in Africa

for most countries in Africs that are confronting mounting levels of per capita debt service ratios and
wesk fiscal performance, pressures to limit public sector expenditures on education sre substntiel. umr.

as the educationsl forecasting model has shown, implementing structural reforms can result in greater economic
efficiency and thus produce a dividend in terms of higher rates of economic growth. How cen such reforss be
brought about and what do they imply for the future?

Practical reform messures thet can improve educational performence include the following: expension of
per student materiel inputs, improving tescher qualifications through in-service training programs, shifting
the relative allocetion of ecducational expenditures to the most productive levels of schooling, shifting some
of the educationsl cost burden to the private sector through user fees, student loens, and the promotion of
private schooling options.
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Within the public sector, the srgument for shifting the allccation of resources among different levels of
education stems from both the relative disperity of per student public expenditures as well es from
ditferences in underlying retes of return to investmsnt in education. Sased on dats in Teble A.9, Figure ¢
illustrates the reeult of regressing the degree of reletive inequality among per copits educational
expenditures among 30 African countries and the level of 1986 doliar per capits GNP.

- Figure 6
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Educational Inequality and Economic Growth
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30 30 = Total entries
3694859  537.2 = Meen
1216637 494.8668 = St. Dev. (Sample)
.1196188 486.5491 = St. Dev. (Pop.)
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Aruitoxt provided by Eic:
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Y = A+ 8% 95 X confidence limits

1026.408 = A (Intercept)+- 248070.7

<1324.02 = 8 (Slope) + 1499.276
. .1059589 = R"2

.3255133 = R

226764.0 = residual variance
L76.1974 = 8
2.062788 = ( t.025 )

While there are meny factors that explain differences in per capita GNP, there is & growing body of
research indicating that dispearities in per cepita student expenditures on education have been inefficient.
The inefficiency stems from differential rates of privete ond socisl returns among various Llevels of
education, and that the relatively high levels of per student education expenditure at higher levels has not
been commensurate with returns. This is not to say that higher education is not an economic investment, but
rather than countries mey improve the efficiency of public sector expenditures on education by shifting
greater relative emphasis to elsmentary and secondary levels, at least in the near term.

Closely linked to public sector re-allocation of budgetary priorities is the value in imposing some degrce
user fees beyond the relatively nominal ones now in effect. Education is a quasi-public good. As such, the
economic argument regarding the optimel mix of public and private fina~~ing of educstion is straightforward.
To the extent that education produces externsl benefits to society at large rather than to the recipiernt
slone, then it is in society’s interest to subsidize the production of educstion so that such socisl returns
sre maximized. Yet as students move through the educational hierarchy, the magnitude of external benefits
diminishes in relative importance. For African countries seeking to fulfill the kinds of enroliment goals we
have examined, one way to ease the fiscal burden is vo impose some level of user fees to higher education
consumers, thereby easing the re-allocation of educational resources to elementary snd secondary education
where the private returns may be smaller.

Using cost recovery st the higher education leve! inevitably raises the question of whether higher
education enroliments would decline significently. A simple empirical way to answer this question is in terms
of the own-price elasticity of demand for higher education. As long as the own-price elasticity of demend for
higher educstion is greater then one, then sny increase in user fees will automatically result in 8 lower
level of higher education revenuss than the relatively nominal fees now in effect.

Although evidence on the own-price elasticity of demend for higher educstion user fees in developing
countries is limited, Mingat and Ten (1985) suggest that it is (ufficiently inelastic at the higher education
level that for meny countries in Africa at least, elementary education budgets could expand by as much as 40
percent under such & regime. S$Shifting the higher education cost burden to users is undoubtedly a daunting
political task. Yet for African goverrments that face severe budgetary constraints in the period shead, the
opportunity to achieve nesr universal primary enrollment ratios is a compelling option. It is compelling not
only in term: of enroliment ratio opportunities, but also in terms of the competitive ec~nomic value of
investment in primary education.

Ssyond the eféicisicy value of re-silocating educational resources is the question of distributive
justice. Psacharopoulos (1986) suggests that existing disparities in public educstional expenditures may be
st odds with prevailing notions of social justice. A higher percentage of students at higher educstion levels
have higher Llevels of per capita income than students at lower education levels. Disproportionate subsidies
for higher education do not reduce the prevailing degree of income and weslth inequality, contrary to declared
pclicies in many countries.
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Seyond user fees, scholarships and loans may also work to improve the allocation of educational resources.
Villisms (1974), Woodhall (1983), and Woltf (1964) suggest that scholarships and loans are a logical
complement to user fees. The logic of scholarships and losns in conjunction with user fees is that they
respond to some of the inequity that may ce » 9 ut from the shifting of ecucational costs to users. for
African countries, however, educational . .Jlarships and loans rupresent a relatively new deperture in
educationsl finance. As African countries continue to engage in structural reform, it may be necesssry to
restore fiscal health to existing financial institutions before lending initiatives in education can succeed.

What role can the private sector play in African education? Although education since the 1960’s has
expanded targely through public sector intervention, private education has played s role. For Africen
countries, one major reason why private education has not found greater support thus far is that it has been
so closely associsted with Avrica’s colonial past. Ouring colonial times, education was initially
sdministered mostly by religious missionaries rather than by colonial goverrment administrations. Public
education was not considered essential except insofar as it met the needs of training smell cadres to assist
in colonial administration.

Private educationsl institutions ir Africa today still depend to s grest extent on support by religious
institutions. In fact, one of the most rapidly growing types of private educational institutione in Sub-
Ssharan Africs has been the g-owth of Coranic schools. However, it should be emphasized that privatization
of education does not require a shift to religious schooling. What is imgortant to note is that there is a
private demend for cducation and that it represents one way of addressing the fiscal pressures that public
education institutions confront in the period shead. As development proceeds in Africs, it is only logical to
expect that some form of private schooling will arise, particularly if subsidies to public education systems
are reduced. For policymakers, the positive role that private education institutions can play consists of the
diversity they can offer, as well as the positive contribution to economic growth that they can meke.

Educational achievement in Africa will continue to expand in the period ahiad. What Africa’s current
economic crisis has done has been to force a besic re-evaluation of educationsl policy. As Africen
policymakers weigh the goals of expending enrollment ratios in an environment of budgetary restraint,
structursl reform promises to enhance education’s role in successful ~zonomic and social development,



Ethiopia 36

. Surkina Faso 32
) Mali 23
Mozambique 84

Malawi 62

Zaire 98

Surundi s3

Togo 95

Madagascar 121

Niger 28

b Benin 65
Central Af.Rep. 73

Rwanda &6

Somalia 25

Kenya 9%

Tenzenia 72

Sudan 49

Guinea 30

Sierra Leone 3

Senvyal 55

Ghana 66

Zambia 103

Ugands 70

Mauretania 25

Lesotho 115

Liberia S5

Morocco 81

Egypt 85

Cdte d’lvoire 78

Zimbebue 13

Nigeria 92

Cameroun 107

Botswana 104

Mauritius 106

Congo 116

Tunisia 118

Algeria 9%

Gabon 86

Angola 93

Guinea-8issau o

The Gambia 83

Sao Tomé & Prin. 82

X Cepe Verde o5
Swaziland 83
Equat.Guinea 94
Libya 127

Total:

Africa Basic Economic Data and School Enrollment Ratios

12
5
7
7
4

57

W
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51

13

19
19

17

87

1985 School Enroliment Ratics:
Country: Primary Secondsry

Higher
1.00
1.00
1.00

.00
1.00
2.00
1.00
2.00
5.00
1.00
2.00
1.00

.00

.10
1.00

.00

2.00

2.00

.10

2.00

2.00

2.00

1.00

.00

2.00

1.00

9.00
23.00

3.00

3.00

3.00

2.00

1.00

1.00

1.00

6.00

6.00

.60
1.00
.00
.00
.00
.00
1.40
.00
11.00
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Table A.1

1085 - 1038
Population, 1986 Per Cepita
Mid-1986, GNP, in $U.S. GNP, in
in Mitlions Dollars $U.S.
43.50 120 5.22¢9
8.10 150 1.215¢9
7.60 180 1.368¢9
14.20 210 2.982¢9
7.40 166 1.184e9
31.70 160 5.072¢9
4.80 240 1.152¢9
3.10 250 7.75¢8
10.60 230 2.438¢9
6.60 260 1.716¢9
4.20 270 1.134¢9
2.70 290 7.83¢8
6.20 290 1.798¢9
$.50 280 1.54e9
21.20 300 6.36¢9
23.00 250 S.75¢9
22.60 320 7.252¢9
6.30 266 1.5498¢9
3.80 310 1.178¢9
6.80 420 2.856e9
13.2¢ 390 S.168¢9
6.90 300 2.07¢9
15.20 230 3.496¢9
1.80 420 7.56e8
1.60 370 5.92e8
2.30 460 1.058¢%
22.50 590 1.328¢10
49.70 760 3.777:10
10.70 730 7.811¢9
8.70 620 5.394e9
103.10 640 6.598¢10
10.50 910 9.555¢9
1.10 840 9.24e8
1.00 1200 1.2¢9
2.00 990 1.96¢9
7.30 1140 8.322¢9
22.40 2590 5.802¢10
1.00 3080 3.08¢9
9.00 470 4£.23¢9
51 170 1.5385¢8
a7 230 1.7779«8
1 340 37740000
.34 460 1.541e8
.69 690 4.7541e8
.38 380 1.4478e8
3.90 7800 3.042¢10
536.99 3.155e11

Aggregate

in Yaars

Population

Growth Rate Expectancy,

1986-2000
2.90 46
2.90 &7
2.70 47
3.00 48
3..50 45
3.00 52
3.10 48
3.3 S3
3.20 S3
3.20 &4
3.40 S0
2.90 S0
3.70 &8
3.10 47
3.90 s7
3.40 S3
2.90 &9
2.40 42
2.60 41
3.00 &7
3.10 S4
3.40 S3
3.2 48
2.80 &7
2.70 SS
3.20 S4
2.20 60
=.20 61
3.60 52
3.00 S8
3.3 $1
3.3 56
3.3 59
1.20 66
3.50 S8
2.20 63
2.90 62
2.80 S2
2.80 &b
2.80 39
2.90 43
2.90 85
2.70 [+
2.60 SS
2.80 45
3.60 81
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1985 School Enroliment Ratios:
Primary Secondary

Country:
Australia 106
Austria 99
Belgium 95
Canada 105
Oermark 98
Finland 104
France 114
W.Germany 96
Iceland 99
Ireland 100
Italy 98
Jspan 102
Luxembourg 100
Netherlands 95
N. Zealand 106
Norway 97
Spain 104
Sweden 98
Switzerland 90
U. Kingdom 101

U.S.A. 11

Total:

95
A4
96
103
103
102

Higher

28
7
3
55
9
33
30
30
a3
22
26
30
9
3
35
3
o7
18
rr]
Y]
57

- A2 -

Table A.
GEQD @asic Economic Datas and School Enrollment Ratios

2

1985 - 1906

Population, 1986 Per Capita Aggregate
Mid- 1986, GNP, in 2U.S.
in Millions Dollars

16
7.6
9.9

25.6
5.1
4.9

55.4

60.9

<243
3.6
57.2
121.5

166

14.6
3.3
4.2

38.7
8.4
6.5

56.7

2%1.6

762.3

11920
990
9230

14120

12600

12160

10720

12080

13410
5070
8550

12840

15770

10020
7460

15400
4860

13160

17680
8870

17480

GNP, in

$U.S.

1.907¢11
7.592¢10
9.138e10
7.615¢11
6.426e10
5.958¢10
5.939e11
7.357e11
3.2586¢9
1.825¢10
4.891¢11
1.560e12
5.7718¢9
1.463¢11
2.462¢10
6.468¢10
1.881e11
1.105¢11
1.149¢11
5.029¢11
4.223¢12

9.625¢12

Population Life

Growth Rate Expectency,

198¢~2000 in Years
1 78
A T4
9 ]
7 76
9 ]
.2 ]
4 77
.3 ]

7
1 74
A 77
.5 78
74

.3 7
.6 74
.2 (4
4 76
0 77
0 7
9 ]
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Ethiopia .
Surkina Faso
Mali
Mozambique
Malawi
2aire
8urundi
Togo
Madagascar
Niger
Benin
Central Af.Rep.
Rwands
Somalia
Kenys
Tanzania
Sudan
Guines
Sierra Leone
Senegal
Ghana
Zambia
Chad
Uganda
Mauretania
Lesotho
Liberia
Morocco
Egypt
Cdte d’Ivoire
Zimbabwe
Nigeria
Cameroun
Sotswuana
Mauritius
Congo
Tunisia
Algeria
Gebon
Angola
Guinea-Bissau
The Gembia
Seo Tomk & Prin
Cepe Verde
Swazilend
0jibouti
Equat.Guinea
Libys

Mean Values:

Educational Envoliment Ratios in Africa

Primary School Age
Enroliment Ratio:

1960
7
8
10
48
39
60
18
46
Se

S
26
32
49

9
47
&5
17
30
3
27
S9
42
17
49

FCIBRTELERLEE

85
21

1%
n.a.
n.a.

58
n.a.
n.a.

59

41.23

1970
16
13
20
61
37

115

88 ¥

rig
S1

J3IRAIA

104

108

105

107

1984
32

-3

28

49
97
11

SR I ol I S

87
49
32
45
S5
67
100
38
S7
37
m
76
80

13

92
107

97
106
180
116

202

n.a.
93
n.a.
n.s.
n.a.
79.30
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Table A.3

Secondary Schoo! Age
Enroliment Ratio:

1960

N = N et N b ad s

NN GWE RNV RN =N =N

.
[

— .
o VN W

- N o N

n.a.
n.a.
n.a.
n.a.
n.s.
9
4.00

31

1970

-

-
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- -, NN W - b N b aa - - b
O NN 2O = OO0 O & 00 - GINN NV ANNVWN

16
n.a.
n.a.
n.a.
n.a.
n.a.

22

9.42

1984
12

4

8

6

4

n.a.
n.a.
n.a.
n.a.

67

21.49

Higher School Age
Enroliment Ratio:
1960

1.

1970
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Table A.4
Formsl Educational Achievement in Africa
SR Primedy Schooling by Age

Age:  15-19 20-26  25-34 35-44 45-54 55-59
Covnt y
Ben.n 19.9 133
Jotswana 26.5 24.0
Egypt 37.1 1041
The Gambia 3.4 1.7
Ghana 12.4 8.8
Kenya 60.2 43.0
Lesotho 57.7 52.7
Liberias 18.4 6.6
Libya 29.2 23.2
Mali 13.1 9.8
halawi 53.2 40.9
Mauritius 39.1  45.1
Morocco 6.2 4.6
Rwanda 27.3  28.2
Sao Tomé 20.8 18.2
and Principe
Swaziland 33.7 30.2 12.3
Togo 26.2 17.6 1.7 9.4 5.2
Tunisia 39.2 43.0 32.8 8.8 5.8

O N O W1 W
.

Simple Mean:  29.12 23.38 22.51 18.55 15.08 7.22

Age Grouping: 15-24 25-34 45-56 55-64 65+
1971 Algerias 31.2 17.5 10.5 ¢.0 7.4
1981 Cameroun 50.8 13.5 8.7
1980 Zzambia 61.1

Age Grouping:
1977 Niger
1978 Tanzanis

Age Grouping:
1979 Guines-Bissau

Age Grouping:
1970 Senegal

Age Groupinrg:
1980 Mozampique
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Table A.5
Educational Expenditures as a Percentage of GNP in Africa

1975 1980 1985
Ethiopis 3.30 2.90 3.60
Burkina Faso 2.50 2.60 2.70
Mali 3.20 3.60 3.30
Malawi 2.40 3.30 3.70
2aire 4.70 5.40 5.8
Burundi 2.80 3.30 2.70
Togo 5.60 5.40
Madagascar 5.40 3.50
Niger 3.30 3.70
Benin . 5.10 5.40
Central Af.Rep. . 5.20 5.50
Rwanda 2.70 3.10
Somalis 1.40
Kenya 6.70
Tanzanis 4.30
Sudan . 4.80
Guines 3.30
Sierra Leone . 2.50
Senegal . 6.30
Ghana . 2.30
Zambia 5.40
Uganda 1.30
Mauretania 8.00
Lesotho . 3.30
Liberia . . 4.65
Morocco 7.90
Egypt 5.20
Cdte d’lvoire . 7.30
Zimbabue . . 8.10
Nigeria . 1.30
Cameroun . . 2.90
8otswana 8.40
Mauritius . 3.80
Congo 5.40
Tunisia 4.70
Algeria . 6.10
Gabon . 4.90
Angola 5.20
The Gambia 4.30
Swaziland . 4.90
Libye . 4.80
Simple Mean: 4.58
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Table A.6
Education Share of Central Goverrment Expenditure in Africa

1945 1970 1975 1980 1985

gthiopia 8.50 18.00  13.40 10.97 8.00
Burkina Faso 19.00 20.50 19.00 19.80 21.00
Mali 28.70 19.40 25,20 30.80 30.20
Malawi 15.40 17.10 9.60 10.30 12.30
2aire 16.00 19.70 17.30 19.50 18.50
8urundi 15.30 20.10 17.50 20.85 15.50
Togo 16.80 12.40 15.20 19.40 19.40
Madagascar 12.30 13.70 18.50 18.20 18.30
Niger 11.30 12.80 18.70  22.90  21.00
Benin 22.80 22.10 22,40 22.28 23.10
Central Af.Rep. 14.20 16.80  20.10 17.59 19.30
Rwanda 23.40 28,30 25.30 21.60 25.10
Somalia 4$.80 7.60 12.50 8.30 6.30
Kenys 20.60 18.20 19.40 18.10 19.80
Tanzania 23.70 16.50 17.80 14.30 19.00
Sudan 15.80 10.20 14.80 10.35 14.80
Guinea 20.00 26.70 18.60 17.20 15.30
sierra Leone 17.00 20.90 14.00 12.35 16.50
Senegai 19.60 22.70 23.70 24.01 24.40
Ghana 17.70 23.90 20.60 22.15 18.00
Zambia 13.30 17.10 11.90 11.63 16.30
Chad 17.10 13.00 15.30 13.63 14.00
Uganda 12.30  22.50 17.00 17.36 12.60
Mauretanis 14.00 20.70 14.30 9.75 12,20
Lesotho 13.50 17.60  23.50 19.27  1%4.80
Liberia 13.60 15.80 11.60 24 .30 16.50
Morocco 23.70 24.60 14.30 17.70  22.00
Egypt 7.90 8.10 9.20 8.35 10.60
cdte d’lvoire 21.20 19.70 19.00 16.41 17.30
Zimbabwe 18.20 16.30 16.80 17.06  20.40
Nigeria 4.30 4.40 7.50 9.60 8.70
Cameroun 18.00 19.60 21.30 20.30 14.40
Botswana 11.30 9.40 18.80 22.83 17.50
Mauritius 11.90 14.10 9.60 18.13 13.80
Congo 16.80 23.70 18.20 23.60 22.10
Tunisia 13.30 28.10 16.40 17.11 16.20
Algeria 20.20 28,20 23,00 24.30  15.70
Gabon 20.40 16.20 13.20 12.30 10.40
Simple Mean: 16.16 18.07 16.96 17.49 16.88
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Table A.7
Educational Expenditures as a Percentage of G
in CECD Countrics

1975 1980 1985

Australis 7.4 6.5 6.5
Austria 5.7 5.6 5.8
Belgium 6.2 6 6.1
Canade 7.8 7.5 7.2
Derwark 7.8 6.9 7.1
Fintand 6.5 5.5 5.5
France 5.2 5.1 5.4

W.Germeny S.1 4.7 4.6
Iceland 4.1 4.5 4.4
Iretand 6.2 6.6 6.7
Italy 4.5 5.1 5.4
Japan 5.5 5.8 5.6
Lusembourg 4.5 é 5.6
Netherlands 8.2 7.9 6.9
New Zesland 5.6 5.6 4.5
Norway 7.1 7.2 6.7
Spain 1.8 2.3 3.3
Sweden 7.1 9.1 7.7
Switzerland 5.1 S 4.9
United Kingdom 6.7 5.6 5.2
United States 6.5 7 6.8

Simple Mean: 5.95 5.97 5.80
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Educational Share of Central Goverrment Expenditure in OECD Countries

Australia
Austrias
Selgium
Canada
Dermark
Finland
France
W.Germeny
lceland
Ireland
1taly
Japan
Luxembourg
Netherlands
New Zealand
Norway
Spain
Sweden
Switzerland
United Kingdom
United States

Simple Mean:

Table A.8

1975
14.80

8.50
22.20
17.80
15.20
13.00

9.%9
10.70
12.20
10.80

9.40
22.40
15.00
14.89
17.10
14.70
13.60
13.40
19.40
14.30

1.93

13.87

1980
14.80

8.00
16.30
17.30

9.50
14.70

8.9
10.10
13.30
11.c0
11.10
19.67
14.90
13.15
14.50
13.80
14.70
14.10
18.80
13.90

2.65

13.12

1985
13.20
8.10
15.20
12.70
12.50
12.50
9.2
9.20
14.00
9.10
9.60
18.70
14.10
16.20
18.40
13.60
14.20
12.60
18.60
11.30
3.20

12.68
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Ratios of Per Student Public Expenditures on Education

Ethiopia
Burkina Faso
Mali

Malawi

2aire
8urundi

Toge
Madagascar
Niger

Benin

Cent. Af.Rep.
Ruands

Kenys
Tanzania
Sudan

fiuines
Senegal
Ghane

Zambia
Uganda
Mauretania
Lesotho
Liberis
Morocco
Egypt

CSte d’Ilvoire
Zimbabwe
Nigeria
Cameroun
Botswana
MNeuritius
Congo
Tunisia
Algeria
Angola
Guinea-Bissau
The Gambia
Swaziland

Simple Means:

Sources:
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Year
1982
1965
1964
1985
1980
1985
1984
1085
1981
1978
1983
1964
1985
1985
1985
1984
1981
1985
1984
1983
1983
1984
1979
1983
1982
1981
1985
1981
1983
1984
1985
1984
1965
1980
1984
1982
1984
1982

1983

Table A.9

Secondary/

Primary
2.86
3.50
1.89
14,12
2.03
10.87
2.66
1.96
7.19
2.46
1.83
10.63
2.46
12.n
1.72
3.48
2.92
2.17
8.60
16.73
4.39
7.19
5.84
2.70
1.76
3.44
2.19
11.98
4.06
$.18
1.62
2.52
2.37
2.68
4.26
2.45
3.69
3.32

4.92

Higher/

Secondary

16.22
17.03
7.06
0.3
39.49
6.00
26.57
14.84
9.05
15.38
26.51
7.65
18.30
11.12
5.59
5.87
1.1
5.73
4£.59
10.30
.00
10.07
10.41
3.08
2.14
5.00
.00
10.12
12.1
7.64
1.2
16.86
2%
8.95
4.63
.00
.00
4.6

10.13

Higher/
Primary
46.44
59.59
13.35
130.36
80.11
65.30
70.75
29.03
65.13
37.76
40,63
81,32
44.98
161.25
9.64
20,42
3.2
55.89
39.44
172.34
.00
72.46
60,83
8.33
3.78
17.21
.00
121,29
49.99
39.55
18.13
42.53
.58
23.94
19.72
.00
.00
15.39

44.75

Data for these tables were compiled from the data files of the World Bank and UNESCO.
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Appendix 8 *

The tables derived in the text are besad on a modified input-cutput medel of scication. As noted in the
tables, the model is disaggregated into discrete sub-models of educational productivity, educational 3
enrol lment forecasting, educaticnsl input requirements, snd a financisl projection model. The following K
section describes the model in formal terms as well as some of the variations that can be derived.
8.1 Pedagogical Efficiency .

The educational flows model consists of a transitional probability, or student flows, matrix, A, which can

be defined as: .
0 I

r11 i 0 t

(B.1.1) A = p21 22r f‘

| o P2 "m| - 3

eve 3?

I 5

where: P " the repeater rate of the ith grade, j

Py ® the promotion rate of the ith grade.

In this configuration, there are no Limits to the rumber of times a student mey repeat a grade. The repeater
rate is besed on the mesn repeater rate of students enrolled in the grade over time, and is assumed to be
invariant with respect to the size of enrollments.

e,
1o o Pt % e

o

Student Enrollments, S, cen be defined by grade within s given educational cycle as a column vector:

E-1
E-2
(8.1.2) s = Je-3| ,

E-n

s e ety v

where E-1 = enrollment in the first grade of the ecxstional cycle.

Frow ne time period to the next, post-multiplication of A by § yields enroliments in sM:

(8.1.3) s = Mst. :

-

t+1

Total enrollments within a given educational cycle is defined as the sum of enrol lments in each grade of
the cycle. Post-multiplication of a unit row vector times enrol lments yields the total number of enrollments
at any given time period: :

(8.1.4) pt = stt,

IR

where: C = |1 1 1}, and y
pt = total enroliments at time period t.

wprt er

Converting the a cell into a compound growth expression enables one to expand the value of A q
exponentially to derive the value of enrollments for any time horizon, or to expand the system recursively :
from year to year. ’
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8.1.5) "= A'xs

¢ 0

Projected greduates are besed on the addition of a graciate row vector which for 8 three-year education
cycle can be defined as:

(8.1.6) G=]0 © g, l,

where g . = graduation rate from the terminal year of the cycle.

ii
Post-multiplication of the graduate row vector by the column vector of enrollments yields the number of
graduates in the following time period:
(8.1.7) 9"1 = Gtxst

Projected dropouts can be calculated as the sum of dropouts from all gredes within the cycle at sny one
time, or one can also define dropouts by dropout grade. As used in the text, dropouts are defined as an
sggregate of dropouts from all three grades. So calculated, dropouts sre estimated from a row vector of
dropout rates for all grades, which for a three-grade education cycle is defined as:

1
4.1.8) 0 = |d, d, A ]

post-multiplication of the dropout row vector by the column vector of enroliments at time t yields the number
of dropouts in period t+1:

1
(8.1.9) dt¢1 =D t)lst.

Consistency requires that in the absence of compound growth for r__, the allocation coefficients of each

1
column sum to unity.

Pedagogical efficiency can be measured in severs\ ways. Gross pedegogical efficiency is defined as the
ratio of graduates to total enrollments from the flow of a given cohort through the educational cycle:

n
P .
(8.1.10) PEDEFF® = (Z)etli 1.
t=1
Uncompensated graduate pedagogical efficiency is defined as the ratio of graduates to the rumber of

graduate producing pupil-places of total enroliments from the flow of a given cohort through the educational
cycle:

n
9
(8.1.11) PEDEFF. = ) ) /tp, - 4.
t=1
Uncompensated net pedegogical productivity is the ratio of graduates to the total number of pupil-places
generated by the flow of a given cohort through the educational cycle. It is expressed as:
n n
(8.1.12) PEOEFF = (tg)tot/pt).

Compensated graduate pedsgogical efficiency is derived as the product of uncompensated graduate
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pedagogicat efficiency times the theoretical mumber of years to complete the educational cycle:
- ] - 9
(8.1.13) PEDEFFC = PtDEFFuxY,
where: Y = the cheoretical number of yesrs to complete

an educational cyvie. Y =3 in the present
example.

Compensated net pedagogical efficiency is derived as the product of uncompenssted net pedagogical
efficiency times the theoretical nuwber of years to complete the educational cycle:

(8.1.14) PEDEFF: . PEDEFF:xY.
The average rumber of years required to produce a graduate is defined as:

- n n
@115 y = 1) dexp, /() 2,
=1 t=l

where: y = the mean number of years, besed on the
flow of an initial cohort through the education
cycle.

Derivation of unit graduate annual enrol lment costs is based on several adjustments to the anmwal unit
erroliment cost. First, one calculates the total graduate cost adjustment factor, which is defined as the
ratio of graduate pupil-places to the number of graduates from a cohort:

n n
(B.1.16) TGCAF = (Z:)tpt . dz“‘z"’: ,
ta1 t=1

where TGCAF = total graduate cost adjustment factor.

Next, the annualized graduste unit cost adjustment factor is defined as the ratio of the total graduate
cost adjustment factor to the aversge number of yesrs needed to produce a graduate:

(8.1.17) AGUCAF = TGCAF/y . -

The product o¢ the annualized graduste unit cost adjustment vactor times the ith unit yesr that »
greduating student is enrolled yields the annualized unit graduate enrollment cost of the system:

(3.1.18) MJGECt = AGUCAF X Ut,

where mct = snnualized unit graduste enrol lment cost in
yesr t,
ut = unit enrollment year, or fraction thercof,
in year t. U<=1 for all t.
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8.2 Economic Evelustion of Investaont in Education

£ e
okt AT,

Assassing the economic valus of investment in education is besed on stendard economic criteria. The
internal rate of return to echication is that rate of discount, r, which reduces the net benefit stream from
the Life cycle of the investment to 2ero:

- «

n (8-0)
(5.2.1) Im= (Z) — 0.
t0 (1+r)

The private rate of return to education is Likely to differ from the social rate of return. To the extent
that the social rate of returnn exceeds the private rate of return, and to the extent that the social rate of
return exceeds tho social opportunity cost of investment resources, one has an a priori basis of subsidizing
the production of educated outputs. The megnitud> of educational subsidies should be based on the megnitude
cf the external benefits received by society rather than by the private benefits received by the individusl.
Using educational subsidies as a means of achieving social justice ia generally regarded as ipefficient in
comparison to lump sum trensfer psyments.

B e s A S T N . CE e i LA .,
BT ot s e v dals AR o bagnt e

B

3

The net resent value of investment in education is the present value of benefits minus the prese value

of costs. 1t is defined as: \Sj
n [ ] n c o

4.2.2) W2 () ) m—— - ()) ——— &

t=0 (1+r) ts0 (1+r) 3

¥

Similarly, the Renefit-Cost ratio is the ratio of the present value of benefits to the present value of ’?{
costs: ’}
n 't ;E

T —— 3

t 3

t20 (1+1) 3

(8.2.3) 8/C = §

n t‘:t —fg

t=0 (1e+r)

The internal rate of return reduces the net present value to zero and the benefit-cost ratio to one. Whether ,;;
one should rely on the internal rate of return or choose & specific discount rate deperds on the mathematical 2
uniqueness of the internsl rate of return and on the extent of distortions in the estimeted cost and benefit i;
streams. \here distortions exist, shadow prices should be used to evaluste the economic value of the :
investment. E:
4

8.3 Educationsl Input Requiremsnts and Budget Projections

Projecting an estimsted anwel budget needed to sustain a given level of enroliments is based on the
specification of educationsl input requirements. The reference case is based on the assuwption that input
requirements per student are invarisnt to the number of enroliments, just as in the formulation of the student
flows matrix. Toacher input requirements can be defined as & column vector, T, vhich specifies the per
student tescher inputs by level of teecher qualification in educational cycle . for & system utilizimg
teschers with three different levels of quelification, T is thus:

, | L ,
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Multiplying T by the mmber of students enrolled in cycle i at time t yields a column vector of required
teachers: -

:,‘,
a

i
.3. T T .
(8.3.2) t. tnpt

In turn, the total rumber of teachers is tha sum of required teachers by level of qualification needed to
sustain the projected enroliment level. In matrix nots*ion it cen be derived as the product of 8 unit row
vector times the total number of projected students enrollad at time t:

.3. T .

(8.3.3) ¢ =Cx ¢

The student-teacher ratio is thus:
(8.3.4) pt/rt .

Administrative and materiel inputs are based on similar calculations as in the case of projected teacher

inputs. Administrative input requirements per student are represented as 8 column vector, which for a three-
level administrative hierarchy can be defined as:

i

(8.3.5) 1 = M

2if
3i

where s” = the per student ith level administrative irput
in educational cycle i.

Post-multiplying the per studer* administrative input requirements by the number of students at time t yields
the total number of required administrative inputs by Level of qualification:

A i
3.6 1 .
(8.3.8) tslnpt

Similarly, one cen define a column vector of per student meterial inputs which can then be post-multiplied by
the level of student enroliment to derive the required Level of material inputs needed to sustain a given
enrollsent level. A three-category grouping of per student material inputs is defined as:

NIRRT T TN S

[
i ti
(8.3.7) N = .Zi .

"

At time t, given student enrollments o pt' total required material inputs are thus:

~ i
(8.3.8) nt =N x pt .

o
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Classroom and lsboratory inzu2> per student are used to derive the total number of required classrooms snd
Laboratories to sustain a given level of snrollment. For classrooms, total units required at time t s
acfined as:

(8.3.9 {:t = Cx pt R

where C = a per student classroom unit scalar,

For laboratories, total units required at time t is defined as:

.3.1
(8.3.10) Lt-prt,
where: L = g per student laboratory unit scalar.

Taken together, post-muitiplying the respective input vectors of teacher, administrative, materiel,
classroom, and laborstory requirements generates the total physical level of inputs to sustain enrollments at
any given time period. 1f per unit input prices are known, one can then also generate the corresponding level
of total budgetsry expenditure needed to sustain a given enrollment level. For teacher costs at time t,
projected teacher expenditures are defined as:

~ t
[}
(8.3.11) TE = T‘ X Pi X pt R

where: T’ = a row vector transpose of per student teacher
input coefficients,
P = a column vector of per teacher input prices,
pt = total studant enrollments at time t ( = 8.1.4).

For administrative snd meteriel inputs, total expenditures at time t are defined as:
#.3.12) 1E=1 xP" xp
i i '’

where: [/ = a row vector transpose of per student
. sdministrative input coefficients,
P = a column vector of per administrative input
prices,
pt = total student enrollment at time t.

Projected maveriel expenditures at time t sre defined as:
- "
(8.3.13) ME = N; X Pi X ;:at '

where: M’ = a row vector transpose of per student
materiel input coefficients,
P = a colum vector of per meteriel input
prices,
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py = totsl student enrollment at time t.

; Classroom expsnditures take into account the levelized payment end maturity of clsssroom costs. Totsal
/ classroom expenditures at time t sre thus defined as:

(8.3.14) a-cxptxmf,

where: C = per student classroom input scalar coefficient,
pt = totsl student enrollment at time t,

PNTc = levelized per classroom anrual cost,

PV(r)(1 + r)"I

p , where:
1+r)y -1

PV = the per classroom present value cost,
r = the applicsble rate of discount,
n = the amortization period per classroom.

Lsboratory expenditures also take into account the levelized payment ~.nd meturity of classroom costs.
Total laboratory expenditures at time t are defincd as:

(8.3.15) LE =L x P, X Pﬂtl .

where: L = per student laboratory input scalar coefficient,
pt = total student enrcliment at tie2 t,

PMT = lev:lizad per lavoratory annual cost,

PVEECE + )"

N , where:
Kr+r)y -1

PV = the per laboratory present value cost,
r = the spplicable rate of discount,
n s tho amortization period per classroom.

8.4 Extersions of the Disaggregeted Forecasting Nodst

Sections B.1 through 8.3 describe a buse case system that can be used to generate enrollment forecasts,
budget forecaets, and to evaiuate the underlying rate of return to investment in a given educational cycle.
Sensitivity tests can be used to determine the impact of a change in input =oefficients, input prices,
classrcom and (aboratory finencial varisble , educable cohort varisbles, and thie consecquences of budgetary
constraints and enroliment ratio targets on pedegogical productivity snd on the economic returns to education.

The disaggregated forecesting model can also ensble one to take into account changes in educational fnputs
. ss a function of enrollments, changes in input prices as a function of enroliment Levels, and the aggregation
B of educationsl cycles throughout the education system. Aggregation of education cycles can ensble one to take
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2 into sccount the impect of differential student intake rates not only on totsl educational expenditures, but
fad also on the production of net educated labor outputs, whether in terms of gradustes, dropouts, of both.
Aggregation is particularly useful in exsmining potential lsbor surptus and shortage flows over a given time
& horizon.
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